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ABSTRACT
This study focuses on the changes in environmental resources in the last three decades in the coastal districts of Sindh
through evaluation of the Normalized Difference Vegetation Index (NDVI), the Normalized Difference Water Index
(NDWI), and the area of fresh water bodies. District Badin is the most affected district in terms of decline in vegetation
cover as compared to Thatta and Sujawal. In district Badin, the NDVI value has been reduced due to the maximum
reduction (19.55%) of dense vegetation from 1990 to 2000. Changes in NDVI in districts Thatta showed slightly
increased values for dense vegetation (2.85%) and decreased sparse vegetation (10.86%). In Sujawal, the NDVI values
for dense vegetation increased (5.19%) and decreased sparse vegetation (5.12%), especially during 2010 to 2020.
Moreover, there is an increasing trend in water bodies during 1990 to 2020 in Sujawal. During this period, a minor
reduction in moisture and vegetation land cover was observed. However, a reduction in moisture and vegetation cover
was noticed in other districts with a swift increment in NDWI possibly due to climate change in the area that is
accountable for the proliferation of seawater intrusion. In Badin, the total area of Pateji Lake and Nareri lagoon has
been drastically reduced during 1990 to 2020. Similarly, the overall area of fresh water bodies has also been reduced in
Thatta and Sujawal.

Keywords: Climate change, Landsat, Normalized Difference Vegetation Index, Normalized Difference Water
Index, Sindh coast
Abbreviations: NDVI= Normalized Difference Vegetation Index ; NDWI= Normalized Difference Water Index; OLI/TIRS= Operational
Land Imager / Thermal Infrared Sensor; NIR= Near Infrared; SWIR= Short Wave Infrared;

INTRODUCTION
Climate change is responsible for causing major global consequence (Thayer et al., 2020). Pakistan is highly
vulnerable to climate change as compared to other developing countries (Carattini et al., 2020). The problem is more
clamorous in the coastal areas of Sindh having very limited natural resource base and livelihood opportunities. As to
climate change, the coastal areas of Sindh are particularly vulnerable with its widespread, grossly populated
coastlines, immense agricultural sectors and large portion of the population living in or below the poverty line. In
addition, water scarcity, monsoon inconsistency, cyclones and inadvertent migration and urbanization already
present crucial extortions to regional human security. Several studies provide evidence about a clear relationship
between vegetation dynamics and climate changes due to bio-physical plant responses towards photosynthesis,
evapotranspiration and respiration processes (Wu et al., 2017; Zoran et al., 2016). It is also observed that at various
spatial scales starting from global to regional at annual, decadal and seasonal time periods that vegetation greatly
influences the water balance, an exchange of energy and terrestrial carbon cycles (Huang and Xu, 2016; Liu and Lei,
2015). Climate change which is one of the most crucial driving environmental factors is not only responsible for
vegetation dynamics but also causes variations in function and structure of ecosystem (Chu et al., 2019). Recent
methods of remote sensing deliver incredible potential for managing and monitoring dynamic variations in obtaining
hydrological factors, large surface water resources and water balance modeling (El-Bastawesy, 2015; El-Gamily et
al., 2010). McFeeters (1996) suggested the Normalized Difference Water Index (NDWI) using NIR (Near Infrared)
and green stations of Landsat that can augment open water features. NDWI of McFeeters (1996) was modified by
Xu (2006) by replacing the middle infrared band for NIR band.
NDVI (Normalized Difference Vegetation Index) is being commonly used to assess variations in vegetation
dynamics and its correlation with different climatic factors, especially temperature and precipitation considered to be
the most important factors affecting vegetation cover (Chu et al., 2019; He et al., 2015). The red: near-infrared
reflectance ratio [NDVIZ(NIRKRED)/(NIRCRED), where NIR and RED are the quantities of near-infrared and red
light, respectively, reflected by the vegetation, and collected by the sensor of the satellite] is used to calculate the
NDVI (Running, 1990; Myneni, et al.,1995).
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In USA, NDVI-based productivity approximations were reported to elucidate up to 61% of avian species
richness (Hulbert and Haskell, 2003). In Pakistan, several studies have been conducted related to changes in
vegetation cover in different regions using NDVI and are reported by Mahmoudi et al., 2021 (Baluchistan), Bashir
et al., 2020 (Sindh-Arid Regions), Siyal et al., 2017 (Sindh, Pai Forest), Ghazal et al., 2015 (Karachi) and Ahmed,
2012 (Sargodha). This study was first to assess the vegetation cover in Sindh's most climate change affected coastal
districts (Fatima et al., 2021).
The Normalized Difference Water Index (NDWI) is a method that has been established to demarcate open water
features and augment their existence in remotely-sensed digital imagery. NDWI is derived from NIR (Near Infrared)
and SWIR (Short Wave Infrared) channels (Gao, 1996). The NDWI makes use of reflected visible green light and
NIR radiation to augment the existence of such features while eradicating the occurrence of terrestrial vegetation
and soil features (McFeeters, 1996). NDWI is also used for wetland mapping, drought monitoring, and assessment
of vegetation water content and early warning systems in those areas which have poor fresh water availability Ouma
and Tateishi, 2006; Xu, 2006; Gao, 1996). A number of NDWI studies have been reported in different regions of
Pakistan. Memon et al., (2015) monitoring flood and estimating flood damages in various parts of the country while
Hashmi and Ahmad (2018) used NDWI to detect Sindh coastline erosion and accretion. As such no previous data of
NDWI in context with climate change in Pakistan is available. This study mainly focuses on calculating NDWI
during 1990-2020 in District Thatta, Badin and Sujawal and how these indexes can be related to resource scarcity
and source of conflicts in these regions.
As such no former studies have been reported in the coastal districts of Sindh in context of NDVI and NDWI.
This study aims to identify the changes in vegetation and water resources during last three decades in the vulnerable
coastal region.
Methodology
Data Acquisition and Analysis
The coastal districts of Badin, Thatta and Sujawal have been selected as vulnerable hotspots where climate
change has impacted major agriculture fields and water resources. With the help of modifying district boundaries,
time span and band selection, Landsat 8 OLI/TIRS (Operational Land Imager / Thermal Infrared Sensor) and
Landsat 5 TM (Thematic Mapper) were used to compute NDVI (Normalized Difference Vegetation Index) and
NDWI (Normalized Difference Water Index at District Badin, Thatta and Sujawal from the time span of 1990, 2000,
2010 and 2020. Path/Row for District Badin is 151/43, for District Thatta are 152/42 and 152/43, and for District
Sujawal is 152/43. Table 1 represents the Satellite Data Specifications for bands that are used in present study. The
process flow diagram of proposed methodology is illustrated in Fig. 1.

Fig. 1. Flow Diagram of NDVI and NDWI estimation.
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Table 1. Satellite Data Specifications.
Bands No.
Bands Name
Landsat 5 (TM)
Band 3
Red
Band 4
Near Infrared (NIR)
Landsat 8 (OLI/TIRS)
Band 3
Green
Band 5
Near Infrared (NIR)
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Wavelength (µm)

Resolution (m)

0.63 - 0.69
0.76 - 0.90

30
30

0.53-0.59
0.85-0.88

30
30

Vegetation and Water Index
Normalized Difference Vegetation Index (NDVI)
NDVI is used for analysis of dense and sparse vegetation of the coastal districts. NDVI is the most widely used
vegetation index to observe vegetation globally. The method was first introduced by Rouse et al., in 1974. It is
observed that healthy plants are good absorber of electromagnetic spectrum in visible region. Chlorophyll which is
the active plant pigment is responsible for absorbing Red (0.6 - 0.7 µm) and Blue (0.4 - 0.5 µm) spectrums and
reflect back green (0.5 – 0.6 µm) spectrum (Bahadur, 2018). Hence, on the basis of multiple bands of different
wavelengths, the earth satellites detect density of green leaves and vegetation through light reflection from them. For
calculating NDVI, high absorption band in red spectrum and high reflectance band in NIR are used. So, following
formula provides NDVI:

Or for Landsat 5 data,

Generally, values of NDVI vary from -1.0 to +1.0 and then the obtained values are classified into different
categories. Table 2 represents the NDVI values according to vegetation categories that are applied in present study.
Table 2. NDVI and NDWI Index value classification
Index Values
NDVI

NDWI

Classification

0.6 – 1

Dense Vegetation

0.2 – 0.4

Sparse Vegetation

-1 – 0.1

No Vegetation

0.2-1

Water Bodies

0-0.2

Moisture-containing Land

-1-0

Bare Land/ Vegetation

Normalized Difference Water Index (NDWI)
NDWI is used for analysis of natural water bodies globally. NDWI was first used by McFeeters in 1996 for
enhancing open water features of landscape (McFeeters, 1996). The basic working principle of this index is
maximizing the light reflectance from water by using green band and on the other hand minimizing the low
reflectance of NIR band by water bodies. Hence, all the water features present on land shows positive NDWI values
while suppressing vegetation and soil. For computing NDWI, following formula is used:

Or for Landsat 8 data,
Hence as a result of this equation, all the water features present on land shows positive NDWI values while soil
features and vegetation are suppressed and generally shows zero or negative NDWI values. In the present study, the
NDWI results for water bodies in District Thatta, Badin and Sujawal are categorized into water bodies, moisture
containing land and bare land or vegetation (Table 2).
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Area of Fresh Water Resources
Estimation of change in the area cover of fresh water bodies was conducted through the visual interpretation
over the selected water resources in the District Badin, Thatta and Sujawal.
Landsat 8 (OLI/TIRS) and Landsat 5 (TM) data was utilized (USGS, 2021) for the year 1990 and 2020,
respectively. Month of February was selected for both years to maintain the uniformity in the data. The downloaded
data for both the years was composited using nine bands of Landsat 8 and seven band of Landsat 5 in ArcMap
10.8.1 environment and Esri version 2020 using Band Composite tool. The Symbology of bands was changed to
6,5,3 and 5,4,2 band sequence to retrieve the natural color of the satellite imagery. Over 1990 and 2020 imagery,
polygon shape files were created over the water bodies’ boundaries on the basis of visual interpretation. Area
calculation was done using the map algebra tool and the area count was added to the attribute table of the created
shape file.
RESULTS AND DISCUSSION
During this study, NDVI and NDWI status were monitored in district Badin, Thatta and Sujawal for the year of
1990, 2000, 2010 and 2020 in order to evaluate the pattern changes that has been occurred in vegetation cover and
water bodies. The results obtained from Landsat images practically shows that NDVI classified the study area into 3
categories i.e., dense, sparse and no vegetation while NDWI classified the study area into 3 categories i.e., water
bodies, moisture containing land and bare land/ vegetation.

Fig. 2. Changes in Vegetation Cover (%) in District Badin.

Fig. 3. Changes in Vegetation Cover (%) in District Thatta.

Fig. 4. Changes in Vegetation Cover (%) in District Sujawal.
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Normalized Difference Vegetation Index (NDVI)
NDVI has been extensively used to examine a relationship between changes in vegetation cover and spectral
variability over a time that have occurred due to climate variations (Gandhi et al., 2015). In District Badin, the area
under vegetation has been changed during last three decades. It is found that area covered under dense vegetation is
reduced from 48.59% to 43.73% in 1990 to 2020 as shown in Fig. 2. The NDVI results of District Thatta exhibited
that dense vegetation cover has been increased from 23.73% to 26.58% between 1990 to 2020 which is illustrated in
Fig. 3. During the same period, area covered under sparse vegetation is reduced from 67.66% to 56.80% which
could be occurred due to climate variations. However, overall NDVI has been increased in district Thatta. In District
Sujawal, the whole changing pattern of vegetation shows that NDVI has been increased (Fig. 4) and there is an
increment of area covered under dense vegetation from 33.91 % to 35.59 % during 1990-2020. An insignificant
reduction in area covered under sparse and no vegetation during 1990-2020 was also observed.

Fig. 5. Changes in NDVI in District Badin.

Global climate change is responsible for changing land surface temperature (LST) which has not only affected
land use or land cover but also influence the vegetation and water resources (Choudhury et al., 2019; Solangi et al.,
2019). Several studies have been conducted on changes in vegetation cover using NDVI. Solangi et al. (2019)
reported that increasing LST on the vegetation of Indus delta was responsible for changes in NDVI index during
which highest NDVI (0.725) was observed in 2005 while the lowest NDVI was found to be 0.545 in 2017. Different
factors are responsible for vegetation dynamics such as climate change, variation in cropping pattern and increase in
urban development. Another GIS based study conducted along Karachi coast after analyzing satellite data using
NDVI indicated that mangroves area has been reduced from 119.7 ha to 96.3 ha during 2010-2018 (Khan et al.,
2020). The situation is very alarming that have occurred due to regional climate changes, mismanaged coastal
environment and destruction of mangroves ecosystem (Khan et al., 2020). Rehman et al. (2015) reported that mean
NDVI value increased from -0.165 (2010) to -0.009 in 2014 due to a number of plantations of mangroves along Keti
Bundar coast being acknowledged by the government. This study finds the maximum reduction (19.55 %) of dense
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vegetation in Badin was observed during 2000 due to unavailability of fresh water in the Indus delta. During 20002003 virtually there was no surface water flow to support the ecosystem of the area, which allows progressive
intrusion of the seawater towards land particularly in deltaic region (Archer et al., 2010). Similarly, coastal districts
had also faced severe drought span during 1990-1991 and 2001-2004 (Akber et al., 2019) and it is also observed that
the area covered under sparse and no vegetation has also been reduced during these decades. In this study, the
overall changing pattern of vegetation shows that NDVI has been decreased in District Badin.
Another study was conducted in Egypt by Eid et al. (2020) to detect changes in coastal wetland vegetation in
El-Burullus Lake by using NDVI. The outcomes suggested that vegetative area has expanded during 1990-2010 up
to 7.4% because of ecosystem restoration activities for combating the effects of climate change and anthropogenic
activities (Eid et al., 2020). In China, Chu et al. (2019) conducted a study on vegetation dynamics and its response
to climate change in Amur River basin using NDVI during 1982-2015 showed that NDVI was initially increased in
the mid of 1990 then decreased in 2000 and then ultimately rebounded in 2015. The outcomes of this study and
comparative analysis of NDVI with other studies concluded that there is an increase or decrease in NDVI indices
which is highly dependent on temperature and rainfall fluctuations which was observed in all three districts of Sindh
province. The most affected area in terms of reduction in vegetation cover was found to be district Badin which is
being affected more by climate change and anthropogenic activities as compared to district Thatta and Sujawal (Fig.
5-7).

Fig. 6. Changes in NDVI in District Thatta.
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Fig. 7. Changes in NDVI in District Sujawal.

Normalized Difference Water Index (NDWI)
During this study, data related to water bodies of study area were extracted from Landsat 8 by using NDWI.
The images are classified into three categories i.e., water bodies, moisture containing land and bare land/ vegetation.
During investigation, it was observed that NDWI values are greater than zero for water bodies whereas urban areas
and vegetative land have negative values of NDWI. The NDWI indices are presented in Fig 8-13 for District
Sujawal, Badin and Thatta during last three decades (1990-2020).
In District Badin, there is rapid increase in NDWI index during the 1990 to 2020. The area covered under water
bodies has been increased from 5.34% in 1990 to 43.73% in 2020 (Fig. 8). However, moisture containing and
vegetation land has been decreased. Furthermore, area covered under vegetation is drastically reduced from 43.42%
in 1990 to 15.52% in 2020 which is very alarming condition for the affected communities. During this study, the
overall NDWI index showed increasing pattern in district Badin. Similarly, the overall NDWI index for District
Thatta has been increased. From Fig. 9, it is observed that there is an increasing trend in water bodies that accounts
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19.21% in 1990 to 22.08% in 2020. During this period, a minor reduction in moisture and vegetation land cover was
observed. In District Sujawal, the NDWI for water bodies has also been increased. According to Fig. 10, area
covered under water bodies is slightly increased from 12.50% to 12.81 % from 1990 to 2020. Moreover, a hasty
increase from 32.51 % to 42.17 % in NDWI on the moisture containing land during this period that probably due to
climate change in the region that is responsible for increase in the sea water intrusion (Archer et al., 2010).

Fig. 8-Changes in area (%) covered by water bodies in District Badin.

Fig. 9- Changes in area (%) covered by water bodies in District Thatta.

Fig. 10- Changes in area (%) covered by water bodies in District Sujawal
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Fig. 11- Changes in NDWI in District Badin.

Normalized Difference Water Index is extensively used in different researches to analyze changes in water
bodies due to various climatological factors. Guha et al., (2020) reported that there was a positive correlation
between NDWI and LST during all four seasons from 1991-1992 and 2018-2019 in Raipur city, India. Another
study was conducted by Eid et al., (2020) related to changes in coastal wetland features along El-Burullus Lake
(Egypt) showed that NDWI has been increased to 7.0% in open water bodies during 1990-2019 which is mainly
increased due to various reclamation projects for restoring aquatic ecosystem in the region. A study conducted by
Aslam et al. (2021) to monitor soil erosion in district Chitral, Pakistan indicated that NDWI and NDVI indices are
one of the important tools for examining susceptibility of soil erosion. According to Aslam et al. (2021), NDWI
values are higher in southern and western parts which indicates that rate of soil erosion is high in the region and
liable for environmental problems in the district (Aslam et al., 2021). The present study concludes that there is an
increasing trend of NDWI indices in the study area mainly because of sea water intrusion that can be clearly
observed during the study. Climate change reduces fresh water flow to support the Indus deltaic region, which
allows progressive intrusion of the seawater towards coastal districts (Archer et al., 2010). These finding matches
the outcomes of SAP (2001) which already reported that the study area lost 486,000 ha of land due to sea water
intrusion and affected millions of people with financial losses of around 2 billion dollars.
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Fig. 12- Changes in NDWI in District Thatta

Fig. 13. Changes in NDWI in District Sujawal.
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Area of Fresh Water Bodies
In Pakistan, availability of fresh water is one of the most important issues like other South Asian countries.
Around 2.5 billion people are facing water crises and probably to suffer even more extreme condition by 2050 as
water accessibility is reduced by 70% since 1950 (HDR, 2006; Langton and Prasai, 2012). River Indus is the major
source of surface water in the study area and its rivulets. In Sindh, irrigation area stretches about 1,32,000 Km that is
one of the biggest canal networks in Asia contains of 14 main canals, 03 barrages, 44,000 watercourses. This vast
system provides around 5.0 million hectares along the River Indus. The average annual flow of River Indus is about
17392 m3 at the RIM (River Inflow Monitoring stations). This flow is mostly dependent on seasonal variability
mostly during wet and dry periods. Monsoon variation and upstream water interruption are also other reasons of
declining in flow and water accessibility. It is due to the fact that River Indus flow is hardly touches at the
downstream that has rendered the study area virtually without substantial flow. The water level at downstream is
abridged extremely reducing deltaic ecosystem from 3000 km2 to 250 km2 (Inam et. al., 2007). IUCN (2004)
suggested that at least 27 MAF should be delivered at downstream to restore or maintain the deltaic system. Still
because of climate change problems and also the upstream diversion the water hardly reaches at the delta remained 2
MAF during most of the periods of the year (Alamgir et al., 2015). Owing to the reduced flow Indus is now in the
list of top 10 rivers of the world that are at risk due to water shortages. The Indus River water is geologically and
topographically controlled areas of groundwater discharge that provide natural sources of water for wildlife, and
support local ecosystems that are of considerable importance in an arid environment. Water is diverted from river
through government or privately owned canals for irrigation of nearby fields and for domestic use in villages. The
flow from around 50% of the canals in the area was negligible at the time of sampling. Wherever, the large flow in
canal was observed it indicates very high transmissivity of the aquifer in these areas. During last 50 years, about
1700 km2 in the Indus delta has encroached with sea water (Shah et al., 2006). Around 54 Km into the Indus delta
was intruded by sea water (IUCN, 2004). The study area has generally faced a low precipitation (<200 mm) yearly.
This is the reason agriculture in the study area is less or more reliant on the surface water accessibility through the
irrigation network. Though, this setup is responsible for severe water losses (35%) during apportionment
(Bandaragoda, 1996). This approves the current results that would mean that it is not only the shortage of water but
defective apportionment is incapable to deliver sustainable advantages to the farmers. Moreover, the water
distribution to the farmers is not unbiased (Zardari and Cordery, 2009).

Fig. 14. Changes in fresh water bodies in District Badin.

Badin
During this study, Pateji lake and Nareri lagoon are the two main fresh water bodies found in District Badin.
Pateji lake and Nareri lagoon is situated at sub-district, Badin. From Table 3 and Fig. 14, it can be seen that the total
area of Pateji lake and Nareri lagoon has been reduced by 50.9% and 27.41% during 1990 to 2020. The LBOD (left
bank out fall drain) is located in district Badin and considered as one of the largest drainage projects in Sindh
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completed in 1999 with the financial assistance of the World Bank. The project aimed to control water logging and
salinity and drained saline water to the sea. The project since its inception is controversial due to improper design
and implementation. The project is responsible for a number of serious social and environmental impacts in the
region. The major drawback of the project is that it was designed against the contour of land thus preventing the
flow of saline and industrial effluents in to the sea. This unplanned drainage project caused devastating effect in the
district Badin in the cyclone of 1999. Because of its low capacity the drained was unable to sustain the pressure of
high tides and breached at various places. These breaches eroded huge fertile land, contamination of ground water
aquifer and massive losses of lives and property. As a result, competition on water assets will be upsurge among
coastal populations which will encourage the prevalence of conflicts in the study area.
Once more in 2003 flood due to massive amount of water the drain swelled up and resulted in overflows.
Consequently, major affect was witnessed during the flood of 2011 as there were adaption mechanism was adopted.
The communication with the local people reveled that if LBOD would not have existed the hazards emerges from
sea or land could have minimized. It is being believed that the whole project was politically motivated and
implemented through untrained or unskilled people.
Table 3. Total Area of water bodies in coastal districts (1990-2020)
District
Water Body
Year
Badin

Pateji
Nareri Lake/Lagoon

Thatta

Keenjhar
Kuhi Dhand
Jhol Dhand
Gadap Dhand

Sujawal

Nikoti Dhand

Area in Km2

Percent
(%)

1990

87.605

50.926

2020

42.991

1990

108.699

2020

78.901

1990

138.531

2020

131.162

1990

1.031

2020

0.841

1990

2.728

2020

1.879

1990

26.549

2020

17.701

1990

5.091

2020

2.338

Reduction

27.413
5.319
18.409
31.104
33.328
54.076

Thatta and Sujawal
In District Thatta, the major fresh water bodies found in the region includes Keenjhar (Sub-district Thatta),
Kuhi Dhand, Jhol Dhand and Gadap Dhand. The overall area of fresh water bodies has been reduced during 19902020 and the percentage reduction of these fresh water bodies are found to be; Keenjhar (5.3%), Kuhi Dhand
(18.4%), Jhol Dhand (31.10%) and Gadap Dhand (33.32%), respectively (Table 3 and Fig. 15). Similarly, Nikoti
Dhand is the water body found in district Sujawal which exhibited 54.07% total area reduction from 1990 to 2020 as
shown in Table 3 and Fig. 15.
It has been observed that at downstream of Kotri barrage fresh water in Indus has significantly abridged from
150MAF (in the past decades) to 10MAF which is even not achieved during most of the years. The severe decline in
flow is virtually changing agriculture area to a saline desert. The native populations are migrating from their native
land (Chandio et al., 2011). The native individuals also claimed that even the creation of Kotri Barrage and Guddu
Barrage was done without the approval of Sindh. The government even knows the severity of the problem barely
made any outstanding decision to resolve the issues related to water in the country. Of all with many commissions
and interim arrangements, the Indus Water Accord 1991 derived in force without having extensive discussions with
provincial governments. Total water available in the system was estimated to be 114.35 MAF below rim stations as
described in Accord. It was distributed as 3.87 MAF for Baluchistan, 5.78 MAF for KPK, 48.76 MAF for Sindh and
55.95 MAF for Punjab. However, only 10 MAF was permitted to release into the sea at downstream Kotri as
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described in Accord. The release is totally insignificant at downstream even of this 10MAF. Due to this Accord,
Sindh is not receiving its due share as blamed by the native individuals.
The development activities in respect to irrigation structure have deprived the Indus delta of the 8.2 MAF water
flow that it used to get in the 1950s i.e., before construction of the Kotri Barrage. Freshwater flow at downstream
has been declined due to this activity. As a result of declined flow, the Indus delta instead of protruding started
receding and is now allowing seawater to intrude up to Kotri Barrage. This then is yet another unalterable
destruction done to the ecosystem of the Indus Delta. Nasir and Akbar (2012) indicated that the harsh flow reduction
has also immensely abridged silt load from 400 million tons to 30 million tons per annum which is seriously
impacted the deltaic area.

Fig. 15. Changes in fresh water bodies in District Thatta and Sujawal.
Conclusion
From the above finding, increase or decrease in NDVI indices are greatly reliant on temperature and rainfall
variations which was observed in all three districts of Sindh province. . In this study, the overall altering pattern of
vegetation shows that NDVI has been reduced in District Badin. NDVI values have increased in district Thatta and
Sujawal. District Badin is the most affected area in terms of declining in vegetation cover as compared to district
Thatta and Sujawal due to water unavailability, climate change and anthropogenic actions. NDWI pattern of district
Badin, Thatta and Sujawal indicated an increasing trend in water bodies during 1990 to 2020. During this period, a
minor reduction in moisture and vegetation land cover was observed. In district Badin and Thatta, a reduction in
moisture and vegetation land cover were noticed while a swift increment in NDWI on the moisture containing land
during this period that possibly due to climate change in the area that is accountable for proliferation in the sea water
intrusion. Area of fresh water bodies were also monitored in the study area. During this study, Pateji lake and Nareri
lagoon are the two main fresh water bodies found in District Badin. It was observed that the total area of Pateji lake
and Nareri lagoon has drastically decline during 1990 to 2020. Because of low capacity of LBOD, the drained was
unable to sustain the pressure of high tides and breached at various places. These breaches eroded huge fertile land,
contamination of ground water aquifer and massive losses of lives and property. Similarly, area of fresh water
bodies has also declined during 1990 to 2020 in district Thatta and Sujawal. Freshwater flow at downstream has
declined due to the construction of Kotri Barrage. Severe flow reduction has also immensely shortened silt load
which is seriously impacted the Indus deltaic area. As a result, competition on water resources may be expected to
increase among coastal communities.
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